order of 23-37%
Measurement of monoamine metabolites in the cerebrospinal fluid (CSF) is an increasingly important approach to the problem of clarifying the role of biogenic amines in various neurological and psychiatric diseases (Moir, Ashcroft, Crawford, Eccleston, and Guldberg, 1970; Roos, 1971; Bowers, 1972) . It has also been suggested that these metabolites might serve as diagnostic tools in certain conditions (Andersson and Roos, 1969; Curzon, Gumbert, and Sharpe, 1971) . Homovanillic acid (HVA) and 5-hydroxyindoleacetic acid (5-HIAA), the major terminal metabolites of dopamine and serotonin, respectively, are the compounds usually measured.
Most of the clinical studies, particularly those on psychiatric patients, have used fluid obtained by lumbar puncture on the assumption that monoamine metabolites at this level would reflect the state of the parent amines in the brain. This assumption, however, has recently been challenged by findings in experimental animals (Bulat and Zivcovic, 1971) and in certain clinical cases with partial spinal blocks (Curzon et al., 1971) . These 
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regions of the spinal cord, whereas HVA is formed exclusively at higher levels in the central nervous system (CNS).
In the course of a more general project to study the levels ofHVA and 5-HIAA in different compartments of CSF and the effect of various factors on their concentrations, we studied five cases with blockage of CSF circulation in different regions. One patient had a complete spinal block, but the other four were being investigated by pneumoencephalography (PEG). This technique not only provides valuable information about the state of the brain and the various CSF compartments but also permits direct comparison of the concentrations of HVA and 5-HIAA in the lumbar CSF and in CSF corresponding to a 'higher' level. The higher level involved is difficult to specify exactly because the injection of air produces mixing of the fluid from various compartments (Moir et al., 1970; Garelis and Sourkes, unpublished) .
METHODS
Four cases undergoing diagnostic PEG at the Montreal Neurological Hospital, and found to have complete or partial block in CSF circulation, were included in the present study. PEG was performed about 16 hours after the patient's last meal. Prepara-amount of lumbar fluid available to us was very tory medication was given intramuscularly one half small, only 5-HIAA was measured in this specimen. hour before the procedure started. The first few The pertinent information about these patients is set millilitres of CSF were kept for routine diagnostic out in Table 1. purposes and then the first sample for this study was A series of neurological patients, investigated by taken. The second ('mixed') sample was obtained PEG at the same hospital, and without obstruction at the end of the procedure, after all the air had been in CSF circulation, served as our controls (see injected. In the fifth case, the presence of a complete Table 2 ). spinal block was established by lumbar myelography, Determination of the acids was done fluoroand a cervical myelography was performed on the metrically. Details of the procedure are given in a same day. Fluid from both punctures was used for recent report from this laboratory (Papeschi and measurement of metabolites. However, since the McClure, 1971) . Biochemical procedures were car- Table 2 .
In case 1 a previous operation had demonstrated complete block of both foramina of Monro, so that both lateral ventricles were excluded from CSF circulation. The rest of the CSF compartment was found normal at PEG. HVA in the lumbar sample was >2 SD below the mean of our controls (cf. Table 2 ). The concentration in the mixed sample was even lower. On the contrary, both values were within the normal range for 5-HIAA.
Case 2 had been previously operated upon for a meningioma of the posterior fossa. During PEG, the ventricular system was visualized well, but no air passed into the basal cisterns. Obstruction of the V-A shunt was confirmed surgically; no sign of recurrence of the tumour was found. Lumbar concentrations of both acids were very high, corresponding, in fact, to cisternal values. On the other hand, the concentrations in the mixed sample were close to normal ventricular levels (cf. Table 2 ).
In case 3 no air was seen in the ventricular system, whereas some of the basal subarachnoid space was visualized. The neuroradiologist could not exclude the possibility that technical failure was responsible for this picture. HVA in the first sample was at the lower level of normal range; 5-HIAA was normal. Concentrations of both acids were much higher in the mixed sample. The relative increase was greater in the case of HVA.
Case 4 had multiple blocks at the thoracic level which, taken together, provided nearly complete obstruction. There was no evidence of blockage at higher levels. A few days after PEG, myelography showed the block to be complete. HVA was very low in the lumbar sample, but was within normal limits for the fluid collected after the injection of air. In contrast, concentrations of 5-HIAA in both samples were within the respective normal limits.
For case 5, 5-HIAA concentration on either side of the block seemed to be normal (cf. Table 2 ). The same was true for cisternal HVA.
DISCUSSION
The results of the present study throw light on the sites of origin in the CNS of monoamine metabolites. Thus, in case 4, HVA is very low below the level of obstruction, but when lumbar fluid is mixed with CSF from higher compartments, the concentration increases greatly. This indicates that HVA originates above the block at the thoracic level. On the contrary, 5-HIAA concentration seems not to be affected by the obstruction in either sample, a result that suggests multiple sites of origin of this compound. Even in the case of complete block (case 5), lumbar 5-HIAA concentration is normal. Cisternal concentrations of both acids are very close to those of the only other case we could find in the literature where this measurement was made (Table 2) . To our knowledge, the present case 5 is the first where cisternal and lumbar concentrations of 5-HIAA have been determined in the same patient.
The results in case 1 indicate a further point about the site of origin of the acidic metabolites. In this unusual case, the exclusion of both lateral ventricles from CSF circulation results in very low concentrations of HVA in both the lumbar and mixed specimens. This finding, therefore, suggests that most of the HVA in the CSF originates at the lateral ventricular level, and it is then likely that this HVA would come from neuronal structures adjacent to the lateral ventricle, mainly the striatum. This agrees with the pattern of distribution of dopamine in the brain (Hornykiewicz, 1966) and with the effect of nigrostriatal lesions on cisternal HVA (Papeschi, Sourkes, Poirier, and Boucher, 1971) . Moreover, the sharp ventricular/cisternal gradient of concentration of HVA points to the same conclusion (Table 2 ). It is interesting that the gradient for HVA is reversed in this patient.
The concentrations of 5-HIAA in the fluids drawn from case 1, unlike the situation with respect to HVA, are virtually unaffected by theblock, so that it is evident that much 5-HIAA can be formed in lower parts of the CNS. The: ventricular/cisternal gradient of 5-HIAA concen-trations, very much smaller than in the case of HVA, also suggests that the acidic metabolite of serotonin can originate in substantial quantity below the ventricular level.
The high concentrations of HVA and 5-HIAA in both samples in case 2 are in good agreement with the findings in hydrocephalus (Ashcroft and Sharman, 1960; Andersson and Roos, 1965) . This is probably due to defective transport of HVA and 5-HIAA from the CSF in hydrocephalus (Andersson and Roos, 1968) .
Case 3 is more difficult to evaluate than the others. 5-HIAA is in the normal range in both specimens, but there is a relatively low concentration of HVA in the lumbar sample. This would be compatible with the existence of some obstruction, in conformity with the clinical diagnosis cited in Table 1 . However, the fact that the concentration of HVA undergoes a great increase after the injection of air is at variance with the possibility of a significant block between the 4th ventricle and the cisterna magna. As the patient was considered a poor surgical risk, the possibility of obstruction was not further investigated and the diagnosis was based on clinical grounds alone.
Obstruction of the circulation of CSF from the foramina of Monro down to the lower thoracic spine (cases 1 and 4) results in low lumbar HVA concentrations. In contrast with this, when the blockade creates a hydrocephalic situation (case 2) lumbar concentrations are very high. These facts obviously limit the suggestion by Curzon et al. (1971) If we assume that the flux of active transport of the acidic metabolites out of the CSF is the same for both compounds, and that circulation of CSF affects them identically, then the difference in the cisternal/lumbar (C/L) gradients for HVA and 5-HIAA (Table 2) would be due to the fact that a portion of 5-HIAA comes from the spinal cord. On the basis of the assumptions made above, the C/L gradient for HVA in our controls, 3-83 (Table 2 ), ought to apply equally to that portion of the lumbar 5-HIAA which is of cisternal origin. If the cisternal value for 5-HIAA in case 5 is regarded as a normal one, then 86 . 3-83 = 22-4 ng/ml., the portion of that 5-HIAA which would be contributed (by circulation and diffusion) to the lumbar CSF. The difference, therefore, between actual lumbar concentration of 5-HIAA and cisternal contribution gives a measure of 5-HIAA of spinal origin: 29-2-22-4 = 6-8 ng/ml., or 6.8/29.2 x 100= 23% of the actual lumbar concentration.
It should be pointed out that the data of Moir et al. (1970) on cisternal and lumbar concentrations in man do not agree with this estimate because their C/L gradient for 5-HIAA is higher than the gradient for HVA. This is due to the fact that the mean lumbar concentration of 5-HIAA for their controls (19 ng/ml.) is much lower than in our series or in Roos's healthy volunteers (see Table 2 ). However, if the C/L gradients for the dog, as given by Moir et al. (1970) , are considered, the spinal contribution of 5-HIAA is calculated by the above process to be 3700.
